Circular RNA CircHIPK3 Promotes NCI-H1299 and NCI-H2170 Cell Proliferation through miR-379 and its Target IGF1 by 田芳 et al.
·459·中国肺癌杂志 2 0 1 7 年 7 月第 2 0 卷第 7 期 Chin J  Lung Cancer,  July 2017,  Vol .20,  No.7




田芳  王云  肖哲  朱学军
【摘要】 背景与目的  已有的研究证明：环状RNA是一类在哺乳动物中普遍存在的具有稳定闭合环状结
构的内源性RNA分子。环状RNA circHIPK3（circular RNA HIPK3, circHIPK3）在肝细胞癌（hepatocellular carcino-
ma, HCC）中表达水平较高，促进肝癌细胞生长。但是其在非小细胞肺癌（non-small cell lung cancer, NSCLC）
中的作用及其调控机制尚无文献报道。本研究拟探讨环状RNA circHIPK3对NSCLC细胞系NCI-H1299和
NCI-H2170细胞增殖的影响，并进一步研究其调控的分子机制。方法  Real-time PCR法检测circHIPK3在NSCLC
各细胞系中的表达水平。CCK-8实验和克隆形成实验检测过量表达和干扰circHIPK3对细胞增殖的影响。双荧
光素酶报告基因实验分别检验miR-379与circHIPK3及miR-379与IGF1 mRNA的结合情况。Western blot和ELISA检




上调及细胞增殖表型。结论  环状RNA circHIPK3在NSCLC细胞系NCI-H1299及NCI-H2170中可通过miR-379调控
IGF1表达促进细胞增殖，环状RNA circHIPK3可能成为非小细胞肺癌治疗的新靶点。
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【Abstract】 Background and objective  It has been proven that the circular RNA, possessing a stable covalently 
closed continuous loop, is a type of RNA molecule which is expressed widespread in mammals. The circular RNA circHIPK3 
is abundantly expressed in hepatocellular carcinoma (HCC) and promotes tumourgenesis. However, a role for circHIPK3 has 
not been systematically examined in non-small cell lung cancer (NSCLC). In this study, we investigated whether circHIPK3 
has an effect on cell proliferation in the NSCLC cell lines NCI-H1299 and NCI-H2170 and the underlying molecular mecha-
nisms.  Methods  The expression of circHIPK3 was measured by real-time PCR in NSCLC cell lines. Nuclear mass separation 
experiment was used to detect the location of circHIPK3 in cells. The gain and loss function experiments were used to exam-
ine the proliferation of NCI-H1299 and NCI-H2170 cells by Cell Counting Kit-8 (CCK-8) and the colony formation assays. 
Then, circHIPK3 was cloned into the downstream of the luciferase reporter gene which activity was detected to verify whether 
miR-379 could bind with circHIPK3 or IGF1 mRNA. The protein level of IGF1 was detected by Western blot and ELISA in 
circHIPK3 overexpressed/knock-down NCI-H1299 and NCI-H2170 cells.  Results  CircHIPK3 was generally expressed in 
six kinds of NSCLC cells lines we detected, and the expression level was highest in H2170 and lowest in H1299. Overexpres-
sion of circHIPK3 obviously promoted NCI-H1299 cell proliferation and knock-down of circHIPK3 inhibited NCI-H2170 
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肺癌是世界上发病率和死亡率较高的肿瘤之一，其



















































1    材料与方法












Ambion公司）；miR-379 mimics、miR-379 mimics control、
cell proliferation. In the luciferase assay, miR-379 was observed to sequester circHIPK3 and IGF1 mRNA with potential bind-
ing sites. Furthermore, we found that the overexpression of circHIPK3 could increase the expression levels of IGF1 and knock-
down reduced it. Moreover, up-regulation of miR-379 rescued the phenotype induced by overexpression of circHIPK3. Con-
clusion  CircHIPK3 could promote cell proliferation by a circHIPK3/miR-379 pathway in NCI-H1299 and NCI-H2170 cells 
and might be a potential tumor biomarker for NSCLC.
【Key words】 Lung neoplasms; Circular RNA; CircHIPK3; Proliferation
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1 . 2 . 2   质 粒 构 建 及 细 胞 转 染   环 状 R N A 过 表 达 载 体
pLCDH-circRNA购广州自吉赛生物公司，序列circHIPK3
（hsa_circ_0000284）来自数据库cirBase。用Fast pfu

























进行PCR扩增反应。反应条件为：95 oC 2 min预变性，然
后按95 oC 1 min，60 oC 1 min，72 oC 1 min，共40个循环，
最后72 oC 7 min延伸。结果通过2－△△CT法分析基因相对表
达量。PCR引物序列见表1。
1.2.5  CCK-8检测细胞增殖实验  NCI-H1299和NCI-H2170
细胞增殖检测实验主要通过CCK-8试剂盒完成。实验分为
对照组和处理（过表达和敲低）组，采用96孔板中，每个孔
铺大约1×103个细胞，培养5 d。加入CCK-8后，37 oC孵育2 h，
检测OD450的值。




1.2.7  双荧光素报告基因实验  实验分为6组：pGL-3空质
粒组、pGL-3-circHIPK3组、circHIPK3突变组、circHIPK3 








1.2.8  Western blot检测蛋白表达水平  在收集的蛋白样
品中加入适量浓缩的蛋白上样缓冲液，10 0 oC沸水浴加
热3 min-5 min，以充分变性蛋白。经过跑胶、转膜、封
表 1  PCR引物序列
Tab 1  The PCR primers sequence
Item                                              Sequence
circHIPK3-F cggaattcTGAAATATGCTATCTTACagGTATGGCCTCACAAGTCTTG
circHIPK3-R cgggatccTCAAGAAAAAATATATTCacCTGTAGTACCGAGATTGTAG
circHIPK3 point mutation primer F GTCTTGGTGATGCCACCATATGTTTATCAAACTCAGTCAAG
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闭、一抗、二抗及显影液孵育后，于Bio-Rad公司化学发
光成像仪显影成像。
1.2.9  IGF1 ELISA检测  将NCI-H1299细胞分为转染miR-379 












1.3  统计学方法  数据通过Graphad Prism软件作图和统
计，以均数±标准差（Mean±SD）表示。实验均采用两独
立样本t检验，以P<0.05为差异有统计学意义。
2    结果











2.2  过量表达circHIPK3促进NCI-H1299细胞的增殖  我们
首先在NSCLC细胞系H1299、H827、H1975、H2170、






































3    讨论
越来越多的研究显示环状 R N A 在疾病的发生与































图 1  CircHIPK3在NSCLC细胞系中的鉴定。A：分别以基因组DNA和cDNA为模板，PCR扩增circHIPK3成环位点附近100 bp序列，白色矩形框表示目的条带区
域；B：circHIPK3成环示意图及测序结果，红色箭头表示divergent primers，竖短黑线示意成环位点；C：RNase R消化后的mHIPK3和circHIPK3的丰度检测；
D：circHIPK3在细胞核中与细胞质中的含量比较。**：与对照组相比，P<0.01。
Fig 1  Identification of circHIPK3 in NSCLC cell lines. A: CircHIPK3 sequence about 100 bp around back splied junction was analyzed by PCR, and 
the white rectangle indicated DNA bands; B: Schematic diagram of circular point. Red arrows represented divergent primers, and vertical short 
black line indicated circular point; C: The levels of circHIPK3 and mHIPK3 were analyzed after RNase R digestion; D: Expression of circHIPK3 in both 
nuclear and cytoplasmic fractions were measured by qRT-PCR. **: compared with the control, P<0.01.
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图 2  过量表达circHIPK3促进NCI-H1299细胞增殖。A：circHIPK3在6株NSCLC细胞系中的表达量；B：稳定转染对照空质粒pLDCH和circHIPK后，NCI-H1299
细胞表达载体携带的绿色荧光蛋白标记；C：过表达circHIPK后，细胞中circHIPK3及mHIPK3表达水平检测；D：CCK-8试验检测细胞增殖；E：平板克隆形成实
验检测细胞增殖；F：克隆形成数目统计；**：与对照组相比，P<0.01。
Fig 2  Overexpression of circHIPK3 promoted NCI-H1299 cells proliferation. A: The expression level of circHIPK3 in 6 kinds of NSCLC cell lines; B: 
The green fluorescent protein (GFP) indicated the successful and stable establishment of pLDCH/p-circHIPK3 NCI-H1299 cell line; C: Detection of 
circHIPK3 and mHIPK3 expression levels in NCI-H1299; D: The cell growth rate was measured by CCK-8 assay; E: Cell proliferation was assessed by 
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图 4  CircHIPK3作为“海绵体”吸附miR-379。A：荧光素酶报告基因实验检测miR-379分别和载体对照组EV、circHIPK3过表达组（circ）、circHIPK3敲低组
（si-circ）、突变质粒Luc-circHIPK3组（mut-circ）、miR-inhibitor组（miR-in）及Inhibitor control组（IC）共转入293T细胞中的荧光素酶的相对荧光强
度；B：荧光素酶报告基因实验检测miR-379分别和EV、circ、si-circ、mut-circ、miR-in及IC共转入NCI-H1299细胞中的荧光素酶的相对荧光强度；C：转入
miR-379 mimics和IGF1 3’UTR后，293T细胞中荧光素酶的相对荧光强度检测；D：转入miR-379 mimics和IGF1 3’UTR后，NCI-H1299细胞中的荧光素酶相
对荧光强度。*：与对照组相比，P<0.05。**：与对照组相比，P<0.01。
Fig 4  CircHIPK3 could sequester miR-379. A: Luciferase relative activity of miR-379 in EV, circ, si-circ, mut-circ, miR-in and IC treated 293T cells; B: 
Luciferase relative activity of miR-379 in EV, circ, si-circ, mut-circ, miR-in and IC treated NCI-H1299 cells; C: Luciferase relative activity of miR-379 
with IGF1 3’UTR in 293T cells; D: Luciferase relative activity of miR-379 with IGF1 3’UTR in NCI-H1299 cells. *: compared with the control, P<0.05. 
**: compared with the control, P<0.01.









Fi g 3  S i l e n cin g c i rcHIPK 3 
i n h i b i t e d  N C I - H 217 0  c e l l 
proliferation. A: The knock-
down efficiency of cirHIPK3 
siRNAs; B: Cell proliferation 
w a s  e v a l u a t e d  b y  C C K - 8 
assay; C: Cell proliferation was 
detected by colony formation 
assay; D: Statistics of colony 
formation assay; **：compared 
with the control, P<0.01.
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